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0DULDQWKL/HRQDQG$OLFH7RQLROR
$EVWUDFW &ROODERUDWLYH GHVLJQ LV DQ LWHUDWLYH SURFHVV RI VHOHFWLQJ DQG HYDOXDWLQJ
VROXWLRQVLQWKHSUHVHQFHRIVHYHUDOSRWHQWLDOO\FRQIOLFWLQJUHTXLUHPHQWVGLFWDWHGE\
GLIIHUHQW SURIHVVLRQDO H[SHUWLVH DQG SUHIHUHQFHV D FRQFHSW FHQWUDO WR %XLOGLQJ
,QIRUPDWLRQ0RGHOOLQJ%,0LPSOHPHQWDWLRQ,QSUHYLRXVUHVHDUFKZHVKRZHGWKDW
WKHFRUHGHFLVLRQSURFHVVFDQEHEHWWHUXQGHUVWRRGXVLQJDUJXPHQWDWLRQEDVHGPRGHOV
RI SUDFWLFDO UHDVRQLQJ 7KLV DOORZV WKH LGHQWLILFDWLRQ RI WKH UDWLRQDOH DQG WKH
UHODWLRQVKLSVEHWZHHQFRQIOLFWLQJLVVXHVWKXVSURYLGLQJFODULW\DQGWUDQVSDUHQF\IRU
GHFLVLRQVDFKLHYHG
7KLVSDSHUDLPVWRWDNHRQHVWHSIXUWKHULQPRGHOOLQJWKLVSURFHVVDQGVXJJHVWV
D QRYHO PHWKRGRORJLFDO DSSURDFK WKDW WUDQVODWHV FROODERUDWLYH FRQFHSWXDO DQG
SHUFHSWXDO DFWLYLWLHV UHODWHG WR GHVLJQ SURFHVVHV XQGHUWDNHQ E\ GHVLJQ DQG
FRQVWUXFWLRQ SURIHVVLRQDOV WR FRUUHVSRQGHQW DUJXPHQWDWLYH GLDORJXH W\SHV VXFK DV
LQIRUPDWLRQVHHNLQJGHOLEHUDWLRQDQGQHJRWLDWLRQ&RPSXWDWLRQDOPRGHOVRIGLDORJXH
LGHQWLI\SURWRFROVIRUFROODERUDWLRQHVWDEOLVKLQJUHDVRQVDQGHYLGHQFHRIFODLPVPDGH
DQGMRLQWLGHQWLILFDWLRQRIJRDOVDQGVROXWLRQV7KHUHIRUHWKHSURSRVHGDUJXPHQWDWLYH
GLDORJXHSHUPLWVWKHIRUPDOLVDWLRQRIFROODERUDWLRQDQDO\VLVGHVLJQGHFLVLRQVWHSVFDQ
EHPRQLWRUHGDQGWKHGHSHQGHQF\UHODWLRQVKLSVEHWZHHQSURIHVVLRQDOVLQYROYHGDQG
GHFLVLRQVWDNHQFDQEHWUDFHG)XWXUHUHVHDUFKZRXOGGHYHORSDFRPSXWDWLRQDOPRGHO
WR EH HPSOR\HGE\ LQWHOOLJHQW VRIWZDUH DJHQWV WR DVVLVW SURIHVVLRQDOV LQ DQDO\VLQJ
FRPSOH[FROODERUDWLYHGHFLVLRQV
.H\ZRUGV FROODERUDWLYH GHVLJQ DUJXPHQWDWLRQ EDVHG PRGHOV DUJXPHQWDWLYH
GLDORJXHW\SHVSURWRFROVIRUFROODERUDWLRQFROODERUDWLRQDQDO\VLV
 ,1752'8&7,21
7KHFRUHRI%XLOGLQJ,QIRUPDWLRQ0RGHOOLQJLPSOHPHQWDWLRQOLHVRQHIIHFWLYHDQGHIILFLHQW
FROODERUDWLRQZKLOHDVKLIWRIWKHGHVLJQHIIRUWWRZDUGVWKHHDUO\DQGFRQFHSWXDOGHVLJQ
VWDJHVKDVWKHSRWHQWLDOWROHDGWRIHZHUSUREOHPVGXULQJWKHODWHUPRUHFRPSOH[GHVLJQ
VWHSV/HRQHWDO7KH$UFKLWHFWXUH(QJLQHHULQJDQG&RQVWUXFWLRQ$(&LQGXVWU\
LVVKLIWLQJLWVIRFXVLQUHODWLRQWRSURMHFWVGHOLYHU\IURPWKHFKDLQRIDFWLYLWLHVWRHIILFLHQW
FROODERUDWLRQDQGLQQRYDWLYHZD\VRIFUHDWLQJVKDULQJDQGFROOHFWLQJUHOHYDQWLQIRUPDWLRQ
DPRQJ $(& SURIHVVLRQDOV 3$6  7KHUHIRUH FROODERUDWLRQ DQG
FRPPXQLFDWLRQ DUH EHFRPLQJ FHQWUDO IRU VXFFHVVIXO FRQVWUXFWLRQ SURMHFWV FRPSOHWLRQ
+RZHYHU FROODERUDWLYH GHVLJQ LV D FRPSOH[ SURFHVV FRPSRVHG E\ GLIIHUHQWSKDVHV WKDW
UDQJH IURP HVWDEOLVKLQJ D VKDUHG XQGHUVWDQGLQJ RI WKH GHVLJQ SUREOHP WKURXJK
IRUPXODWLQJ REMHFWLYHV DQG VROXWLRQV DQG VHOHFWLQJ WKRVH WKDW EHVW VXLW FRQVWUDLQWV DQG
SUHIHUHQFHVRIGLIIHUHQWFRQVWUXFWLRQSURIHVVLRQDOVLQYROYHG
7KLV UHVHDUFK LV H[DPLQLQJPXOWLGLVFLSOLQDU\ WHDPZRUN GXULQJ WKH HDUO\ %,0 DQG
FRQFHSWXDOGHVLJQVWDJHVDQGFRUUHODWHVGHVLJQSURFHVVHVDQDO\VLVZLWKIRUPDOPRGHOVRI

 /HFWXUHU6FRWW6XWKHUODQG6FKRRORI$UFKLWHFWXUHDQGWKH%XLOW(QYLURQPHQW5REHUW*RUGRQ8QLYHUVLW\
$EHUGHHQ8.POHRQ#UJXDFXN
 /HFWXUHU 6FKRRO RI &RPSXWHU 6FLHQFH 7KH 8QLYHUVLW\ RI 6W $QGUHZV )LIH 8. DWRQLROR#VW
DQGUHZVDFXN
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
GLDORJXH)RUPDOPRGHOVRIGLDORJXHKDYHEHHQVWXGLHGLQ$UWLILFLDO,QWHOOLJHQFHDVPHWKRGV
WR UHSUHVHQW GLIIHUHQW HQWLWLHV FROODERUDWLQJ LQ WKH DFFRPSOLVKPHQW RI D JRDO 'LIIHUHQW
W\SHV RI GLDORJXH H[LVW DFFRUGLQJ WR WKHQDWXUH RI WKHSDUWLFLSDQWV؃ JRDO'HULYHG IURP
SKLORVRSKLFDOVWXGLHVLQ$UJXPHQWDWLRQGLDORJXHSURWRFROVKDYHEHHQGHYHORSHGWRPRGHO
ERWK WKH FRPPXQLFDWLRQ EHWZHHQ SDUWLFLSDQWV DQG WKH UHDVRQLQJ XQGHUSLQQLQJ WKLV
LQWHUDFWLRQ LQFOXGLQJPHWKRGV IRUFKDOOHQJLQJFODLPVDQGGLVFXVVLQJSURVDQGFRQV IRU
GLIIHUHQWFKRLFHV:DOWRQ	.UDEEH5HHG
:HKDYHVKRZQLQSUHYLRXVUHVHDUFKWKDWWKHFROODERUDWLYHUHDVRQLQJDSSOLHGIRUHDUO\
%,0 DQG FRQFHSWXDO GHVLJQ VWDJHV LQYROYHV D SURFHVV RI DUJXPHQWDWLRQ ZKHUH
SURIHVVLRQDOVZLWKGLIIHUHQWH[SHUWLVHDQGGRPDLQNQRZOHGJHHVWDEOLVKDJUHHPHQWVRQWKH
GHVLJQVROXWLRQV)RUPDOPRGHOVRIDUJXPHQWDWLRQPD\FRQWULEXWHWRXQGHUVWDQGLQJKRZ
UHTXLUHPHQWV H[SHUWLVH DQG LQIRUPDWLRQ IORZ OHDG WR D GHVLJQ 7KLV LV KRZHYHU
LQVXIILFLHQW WR IXOO\ XQGHUVWDQGKRZDFROODERUDWLYHSURFHVV KDSSHQV GXULQJ WKH GHVLJQ
SURFHVVDVLWGRHVQRWUHSUHVHQWWKHSXUSRVHRIFROODERUDWLYHUHDVRQLQJDWGLIIHUHQWVWDJHV
:HDUJXHLQWKLVUHVHDUFKWKDWWKHGLDORJLFDOFRQWH[WLQZKLFKWKHDUJXPHQWDWLRQWDNHV
SODFHLVDPRUHVXLWDEOHPHWKRGWRH[DPLQHDQGPRGHOWKHFRPPXQLFDWLRQEHWZHHQ$(&
SURIHVVLRQDOVDWHDUO\DQGFRQFHSWVWDJHVRIGHVLJQ
,Q WKLV UHVHDUFKZH SURSRVH WR LQYHVWLJDWH IRUPDO PRGHOV RI DUJXPHQWDWLRQEDVHG
GLDORJXH DVDQ LQLWLDO VWHS WR XQGHUVWDQG GLIIHUHQW GLDORJLFDO FRQWH[WVZKHUH GLDORJLFDO
PRYHVVXFKDVDTXHVWLRQDGHFODUDWLRQRIDJUHHPHQWRUGLVDJUHHPHQWZLWKDSDUWLFXODU
FODLPFDQEHFRQWH[WXDOLVHGZLWKLQWKHSXUSRVHRIDSDUWLFXODUGHVLJQVWDJH7KHUHVHDUFK
UDWLRQDOHRIWKLVSURMHFWLVWRXQGHUVWDQGWUDQVODWHDQGPRGHOGHVLJQWHDP
VDFWLRQVLQWR
GLDORJXH PRGHOV VXFK DV LQIRUPDWLRQ VHHNLQJ GHOLEHUDWLRQ DQG QHJRWLDWLRQ IRU WKH
SXUSRVHRIIRUPDOLVLQJDQGPRQLWRULQJGHVLJQGHFLVLRQVWHSV7KLVZRUNLVDOVREDVHGRQ
WKHUHVHDUFKGHYHORSHGE\/HRQDQGLWH[WHQGVSUHYLRXVUHVHDUFKRQWKHDSSOLFDWLRQ
RIDUJXPHQWDWLRQEDVHGUHDVRQLQJ IRUXQGHUVWDQGLQJPXOWLGLVFLSOLQDU\GHVLJQSURFHVVHV
DQGGHFLVLRQV/HRQDQG7RQLROR
 ',$/2*8(7<3(6:,7+,1'(6,*17+,1.,1*
,Q WKLV VHFWLRQ ZH SURSRVH WZR PHWKRGRORJLFDO SHUVSHFWLYHV RQ WKH UHSUHVHQWDWLRQ RI
GLDORJXH WKDW XQGHUSLQ WKH WKLQNLQJ SURFHVV RI D WHDP RI SURIHVVLRQDOV HQJDJHG LQ
FROODERUDWLYH GHVLJQ 7KH ILUVW LQWURGXFHV VRPH NH\ FRQFHSWV RI FROODERUDWLYH GHVLJQ
DQDO\VLV LQ WKHFRQWH[W RI%,0 DQG VKRZV WKDWEHWWHU XQGHUVWDQGLQJ RI GHVLJQ DFWLRQV
DPRQJ SURIHVVLRQDOV LV IRXQGDWLRQDO WR SURSRVH D PRUH HIILFLHQW DQG KROLVWLF GHVLJQ
DSSURDFK 7KH VHFRQG DSSURDFK GUDZQ IURP WKH XVH RI GLDORJXH PRGHOV LQ $UWLILFLDO
,QWHOOLJHQFHVKRZVWKDWDIRUPDOPRGHORIGLDORJXHRIDQDUJXPHQWDWLYHIRUPLVDWRROWKDW
PD\VXSSRUW WKHDQDO\VLVRI FRPPXQLFDWLRQJRDOVDQG LVVXHVDQGPD\EHHPSOR\HGDV
HGXFDWLRQDOWRROIRULPSURYLQJUHDVRQLQJDQGFRQFHSWXDOXQGHUVWDQGLQJ,QWKHIROORZLQJ
VHFWLRQ ZH VKRZ KRZ WKHVH WZR DSSURDFKHV PD\ FRPH WRJHWKHU WR DQDO\VH FRPSOH[
FROODERUDWLYHGHFLVLRQVDPRQJSURIHVVLRQDOVZLWKLQDIURQWHQG%,0FRQWH[W
 'HVLJQ3URFHVVHV
&ROODERUDWLYHGHVLJQLVKLJKO\LQIOXHQFHGE\FULWLFDOEHKDYLRXUV LH VRFLDOUHODWLRQVKLSV؃
IDFWRUVDQGFOHDUFRPPXQLFDWLRQSDWKVUDWKHUWKDQRSHUDWLRQDODQGWHFKQLFDOSUREOHPVRU
KXPDQ HUURU %DGNH6FKDXE DQG )UDQNHQEHUJHU  7KH FUHDWLRQ RI IDYRXUDEOH
G\QDPLFV GXULQJ D FROODERUDWLYH SURMHFW LV KLQGHUHG E\ WKHVH FULWLFDO EHKDYLRXUV DQG
HVSHFLDOO\ E\ LVVXHV RI FRPPXQLFDWLRQ QHJRWLDWLRQ UHIOHFWLRQ DQG VRFLDO SURFHVVHV
&ROODERUDWLYHGHVLJQSURFHVVHVDUHDOVRKLQGHUHGE\SRRULQFRUSRUDWLRQRIVRPHLPSRUWDQW
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GHVLJQFRQFHUQVOLNHODWHUOLIHF\FOHLVVXHVDQGVXVWDLQDELOLW\GHVLJQGHFLVLRQV.OHLQHW
DO/LNHZLVHREVWDFOHVWKDWRIWHQDSSHDUGXULQJWKHFROODERUDWLYHGHVLJQSURFHVVHV
DUH LVVXHV RI HGXFDWLRQ DQG GLIIHUHQW GHVLJQ DQG HQJLQHHULQJ EDFNJURXQGV RI WKH
SURIHVVLRQDOV WKXV FRPPXQLFDWLRQ SUREOHPV WHFKQRORJLFDO FKDOOHQJHV DULVLQJZLWK WKH
DSSOLFDWLRQRI%,0ZLWKLQGLIIHUHQWSURIHVVLRQDOVDQGLVVXHVRIFRPSDWLELOLW\WHDPEXLOGLQJ
DQGZRUNLQJZRUNIORZFRVWDQGUHVSRQVLELOLW\DOORFDWLRQ5DQG\
0HWKRGRORJLHV WKDW DQDO\VH GHVLJQ SURFHVVHV EDVHG RQ WKHPHV DQG DFWLRQV LH
FROODERUDWLYHFRJQLWLYHSK\VLFDODFWLRQVKDYHEHHQH[WHQVLYHO\UHVHDUFKHGE\*HURDQG
0F1HLOO6XZD3XUFHOOHWDODQG6DOPDQ/DLQJHWDO6LPLODUUHVHDUFK
KDV EHHQ DSSOLHG IRU LQYHVWLJDWLQJ GHVLJQHUV
 FROODERUDWLRQ DQG LQWHUDFWLRQV ZLWK
FRPSXWDWLRQDOGHVLJQPHGLXPV*X.LPHWDO7KHVHPHWKRGRORJLFDODSSURDFKHV
LQWHQGWRSURYLGHDQDQDO\VLVDQGXQGHUVWDQGLQJQRWRQO\RIWKHGHVLJQSURFHVVHVEXWPRVW
LPSRUWDQWO\RIWKHGLIIHUHQWW\SHVRILQWHUDFWLRQVDQGDFWLYLWLHVWKDWRFFXUGXULQJGHVLJQ
SURFHVVHV
$VD UHVXOW WKLV UHVHDUFK LV DSSO\LQJ D GHVLJQSURFHVVPHWKRGRORJLFDO DQDO\VLV DW D
PDFURVFRSLF OHYHO DSSOLFDEOH DW FRQFHSWXDO GHVLJQ VWDJHV WKXV GHILQLQJ GHVLJQHUV؃
FRJQLWLYHDFWLRQVLQDV\VWHPDWLFPDQQHUGXULQJWKHGHVLJQVWDJHVDQGDWSURYLGLQJIXUWKHU
LQVLJKWLQWKHGHVLJQHUV؃GHVLJQSURFHVVHVDVGHILQHGE\*HURDQG0F1HLOODQG6XZD
3XUFHOOHWDO7KHVSHFLILFPHWKRGRORJ\LVGHILQHGDVGHVLJQSURWRFRODQDO\VLVDQG
LW LQFOXGHV WKH UHFRUGLQJ RI D GHVLJQ DFWLYLW\ DQG LWV VHJPHQWDWLRQ LQ YHUEDO SURWRFROV
DFFRUGLQJ WR VXEMHFWV؃ LQWHQWLRQV DQG WKH FRQWHQWV RI WKHLU WKRXJKWV RUDFWLRQV'HVLJQ
SURWRFROVFDQEHVHJPHQWHGHLWKHUDFFRUGLQJWRVXEMHFWV؃YHUEDOHYHQWVOLNHSDXVHVSKUDVHV
DQG LQWRQDWLRQV (ULFVVRQ 6LPRQ  RU DFFRUGLQJ WR VXEMHFW؃V LQWHQWLRQ DQG WR WKH
WKHPHRIWKHFRQWHQW6XZD7YHUVN\)RUWKLVUHVHDUFKWKHODWWHUDSSURDFKKDVEHHQ
FRQVLGHUHGPRVWVXLWDEOHEHFDXVHLWLVFDSDEOHRIHQFDSVXODWLQJWKHHVVHQFHRIFROODERUDWLYH
GHVLJQLQWHUDFWLRQV6XZD3XUFHOOHWDOWKXVWKHGLYLVLRQRIWKHVHJPHQWVZDVEDVHG
RQ ؆WKH VWDWHPHQWV PDGH WR EXLOG D UHSUHVHQWDWLRQ RI VFLHQWLVWV؃ PHQWDO RSHUDWLRQV؇
'XQEDU
2QFHWKHWKHPDWLFVHJPHQWDWLRQRIDGHVLJQSURFHVV LVFRPSOHWHG WKHVHJPHQWVDUH
FDWHJRULVHGDFFRUGLQJWRDQDFWLRQV؃FRGLQJVFKHPHFRUUHVSRQGLQJWRSK\VLFDOSHUFHSWXDO
IXQFWLRQDODQGFRQFHSWXDODFWLRQV6XZD3XUFHOOHWDO7KHVHJPHQWV؃GLYLVLRQLV
FDVH GHSHQGHG DQG WKH FDWHJRULHV LQ ZKLFK WKH\ FDQ EH GLYLGHG LV GHWHUPLQHG E\ WKH
UHVHDUFKVFRSH*HUR0F1HLOO$VDUHVXOWWKHFXUUHQWUHVHDUFKIROORZVSURWRFROV
VXLWDEOHIRUDQDO\VLQJV\QFKURQRXVFROODERUDWLRQDPRQJPXOWLSOHSDUWLFLSDQWV*X.LPHW
DOSURWRFROVRQFRJQLWLYHDFWLRQVGXULQJGHVLJQSURFHVVHV6XZD3XUFHOOHWDO
DQGSURWRFROVRQIXQFWLRQEHKDYLRXUVWUXFWXUHPRGHO*HUR0F1HLOO
 )RUPDO5HSUHVHQWDWLRQRI'LDORJXH
,Q$UWLILFLDO ,QWHOOLJHQFHGLDORJXHKDVVHYHUDO LQWHUSUHWDWLRQVDQGXVHV ,QWKLVUHVHDUFK
ZHFRQVLGHUGLDORJXHLQWKHIRUPLQWURGXFHGE\WKHVHPLQDOZRUNRI:DOWRQDQG.UDEEH
'LDORJXHDVDFRPSOH[IRUPRIFRPPXQLFDWLRQWKDWKDVDJRDOVXFKDVPDNLQJD
GHFLVLRQRQZKDWWRGRRUJDWKHULQJVRPHLQIRUPDWLRQDQGLVDVHTXHQFHRITXHVWLRQVDQG
UHSOLHV WKDW FDQ EHPRGHOOHG XVLQJ D SURWRFRO 6XFK SURWRFROV KDYH EHHQ HPSOR\HG E\
VRIWZDUH DJHQWV DVPHWKRGV IRU HIIHFWLYH FRPPXQLFDWLRQ 5HHG  $Q DJHQW LV DQ
DXWRQRPRXVHQWLW\ WKDWKDYHWKHFDSDELOLW\RIREVHUYLQJWKHZRUOGDQGGHFLGLQJKRZWR
DFWXSRQWKHVHREVHUYDWLRQV$SURWRFROLVDVHWRIUXOHVWKDWVSHFLILHVZKDWXWWHUDQFHVFDQ
EHH[FKDQJHGGXULQJWKHGLDORJXH:DOWRQDQG.UDEEHGHILQHDFKDUDFWHULVDWLRQRI
GLDORJXHW\SHVDFFRUGLQJWRWKHJRDORIWKHGLDORJXH3DUWLFLSDQWVDLPLQJDWLQFUHDVLQJWKHLU
NQRZOHGJHRQDWRSLFZRXOGHQJDJHLQDQLQIRUPDWLRQVHHNLQJGLDORJXHIRUH[DPSOHZKLOH
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LQDGHOLEHUDWLRQGLDORJXHWKHLQWHQWLRQLVWRGHFLGHZKDWWRGR,QRUGHUWRPRGHOFRPSOH[
LQWHUDFWLRQVWKHVHGLDORJXHW\SHVLQFOXGHDFRPSRQHQWRIDUJXPHQWDWLRQKHQFHUHIHUUHG
WRDVDUJXPHQWDWLRQEDVHGGLDORJXHSHUPLWWLQJDJHQWVWRVWDWHSURVDQGFRQVIRUFODLPV
PDGHDQGMXVWLI\DFWLRQVWREHDGRSWHG)RUPDOJDPHVEDVHGRQGLDORJXHSURWRFROVKDYH
EHHQSURSRVHGWRIRUPDOLVHGLIIHUHQWDUJXPHQWDWLRQEDVHGGLDORJXHW\SHV0F%XUQH\DQG
3DUVRQV  5DYHQVFURIW  KLJKOLJKWV WKH HGXFDWLRQDO SRWHQWLDO RI V\VWHPV
HPSOR\LQJIRUPDOGLDORJXHJDPHVWUXFWXUHVWRIDFLOLWDWHFROODERUDWLYHDUJXPHQWDWLRQIRU
LPSURYLQJFRQFHSWXDOXQGHUVWDQGLQJDQGGHYHORSPHQW
5HFHQW UHVHDUFK RQ DUJXPHQW PLQLQJ WKH DXWRPDWLF H[WUDFWLRQ RI DUJXPHQWDWLRQ
VWUXFWXUHV IURP WH[W VXJJHVWV WKDW XQGHUVWDQGLQJ GLDORJLFDO FRQWH[W IDFLOLWDWHV WKH
LGHQWLILFDWLRQ RI DUJXPHQWV %XG]\QVND HW DO  :H VXJJHVW WKDW VXFK GLDORJLFDO
FRQWH[WLQHDUO\%,0GHVLJQSKDVHVPD\EHLGHQWLILHGE\HVWDEOLVKLQJWKHUHODWLRQEHWZHHQ
WKH W\SHV RI GLDORJXH SURSRVHG E\ :DOWRQ DQG .UDEEH  ZLWK WKH DQDO\VLV RI
FRPPXQLFDWLRQ DW GLIIHUHQW OHYHOVSURSRVHG E\/HRQ 2Q WKH EDVLV RI WKLV ODWWHU
DQDO\VLV/HRQDQG7RQLRORVKRZHGWKDWSURIHVVLRQDOVLQYROYHGLQHDUO\%,0GHVLJQ
VWDJHV XQGHUJR D SURFHVV RI DUJXPHQWDWLRQ LQ RUGHU WRPDNH GHFLVLRQV FRQFHUQLQJ WKH
GHVLJQSURMHFW2XUZRUNLQWKLVUHVHDUFKDWWHPSWVWRHVWDEOLVKWKHSUHPLVHVIRUDQHQULFKHG
DQGSRWHQWLDOO\DXWRPDWLFDQDO\VLVRIFRPPXQLFDWLRQDPRQJVWSURIHVVLRQDOGXULQJHDUO\
VWDJHVRIGHVLJQ7KLVPD\UHSUHVHQWWKHEDVLVIRUPL[HGLQLWLDWLYHDUJXPHQWDWLRQEDVHG
GLDORJXHEHWZHHQSURIHVVLRQDOVDQGDJHQWVDFWLQJDVPHGLDWRUV WR LPSURYHGHWHFWLRQRI
FRQIOLFWLQJLGHDVDQGLQIRUPDWLRQDWGLIIHUHQWSKDVHVRIGHVLJQ
 0(7+2'2/2*<
'XULQJ WKLV UHVHDUFKZHDQDO\VH WZRVHJPHQWV IURP WZRGLIIHUHQW VWXGLHV IRFXVLQJRQ
FRQFHSW DQG HDUO\ %,0 PXOWLGLVFLSOLQDU\ FROODERUDWLRQ ZKHUH WZR GHVLJQ WHDPV DUH
PRQLWRUHG ZKLOH ZRUNLQJ RQ D GHVLJQ EULHI E\ LPSOHPHQWLQJ %,0 /HRQ  7KH
VSHFLILFVHJPHQWVDUHFKRVHQGXHWRWKHLUWKHPDWLFFRPSOH[LW\DQGWKH\DUHFDWHJRULVHG
DQGFRGHGDFFRUGLQJWRWKUHHOHYHOVLQFOXGLQJSK\VLFDOOHYHOSHUFHSWLRQDQGFRQFHSWOHYHO
DQGFROODERUDWLRQOHYHODVSHU*HURDQG0F1HLOODQG6XZD3XUFHOOHWDO,Q
WKH DQDO\VLV ZH SURYLGH DQ DQQRWDWLRQ RI WKH GLIIHUHQW OHYHOV RI LQWHUDFWLRQ EHWZHHQ
SDUWLFLSDQWV:HSURSRVHKRZDFWLRQV
 FRGLQJPD\FRUUHVSRQG WRD W\SHRIGLDORJXHRI
WKRVHSUHVHQWHGE\:DOWRQDQG.UDEEH:HVKRZWKDWWKHDFWLRQV
FRGLQJSURYLGHV
DGLDORJLFDOFRQWH[W IRUWKHGLDORJXHVXJJHVWLQJLWVRYHUDOOJRDO7KLVSHUPLWVXVWR OLQN
WKLV FRGLQJ WRD GLDORJXH W\SH WKDWZLOO HYHQWXDOO\ SHUPLW XV WR VWXG\ DPRUH JUDQXODU
DFFRXQWRIWKHVSHHFKDFWVLQYROYHG

 $FWLRQV
&RGLQJVFKHPH
7KHSXUSRVHRIWKHDFWLRQV
FRGLQJOHYHOVLVWRSURYLGHDQVZHUVUHJDUGLQJWKHSDUWLFLSDQWV؃
LQWHUDFWLRQV DPRQJ WKHP DQG ZLWK WKH SK\VLFDO DQG GLJLWDO PHGLD WKH SDUWLFLSDQWV؃
FRJQLWLYH FRQFHSWXDO DQG SHUFHSWXDO DFWLRQV DQG WKH JHQHUDO HYROXWLRQ RI WKH GHVLJQ
SURFHVVHV7KHVHWKUHHPDLQOHYHOVDSSOLHGIRUFRGLQJWKHVWXGLHV؃VHJPHQWVDUHSUHVHQWHG
LQ7DEOHDQGLQFOXGHWKHFROODERUDWLRQOHYHOIRFXVHGRQFRJQLWLYHV\QFKURQLVDWLRQLGHDV
FODVKDQGZRUNIORZGULYHUV WKH FRQFHSWDQG SHUFHSWLRQ OHYHO IRFXVHG RQ VHWWLQJ JRDOV
PDNLQJ GHFLVLRQV EUDLQVWRUPLQJ DQG UHH[DPLQLQJQHZDQG H[LVWLQJ IHDWXUHVDQG WKH
SK\VLFDODFWLRQVOHYHOIRUGUDZLQJDQGVNHWFKLQJERWKZLWKSK\VLFDODQGGLJLWDOPHDQVDQG
DOVR IRU LQVSHFWLQJ GHVLJQ HOHPHQWV 7KH VHJPHQWV IRFXVHG RQ SK\VLFDO SHUFHSWXDO DQG
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FRQFHSWXDODFWLRQVDUHDGDSWHG IURP6XZD3XUFHOO HWDO ZKLOH WKHFROODERUDWLRQ
OHYHOLVDGDSWHGIURP*X.LPHWDODQG*HURDQG1F1HLOO
7DEOH*HQHULFFRGLQJVFKHPH
/HYHOV &DWHJRULHV 
&ROODERUDWLRQ &RJQLWLYHV\QFKURQL]DWLRQ $UJXPHQWDWLRQDQGQHJRWLDWLRQ
:RUNIORZGULYHU 'HFLVLRQPDNLQJ
3HUFHSWLRQ	
&RQFHSW
3HUFHSWXDO$FWLYLWLHV )RFXVLQJRQQHZRUH[LVWLQJIHDWXUHV
6HWXS*RDOV *RDOVRQQHZDQGH[LVWLQJIXQFWLRQV
&R(YROXWLRQ %UDLQVWRUPLQJ
3K\VLFDO$FWLRQV 6NHWFKLQJ'UDZLQJ 'UDZLQJLPSRUWLQJLPDJHVLQVSHFWLQJ
HOHPHQWV
 'LDORJXHW\SHV
$PRQJWKHGLIIHUHQWW\SHVRIGLDORJXHSURSRVHGE\:DOWRQDQG.UDEEHZHKDYH
LGHQWLILHGWKUHHPRVWUHOHYDQWGLDORJXHVIRUHDUO\%,0PXOWLGLVFLSOLQDU\FROODERUDWLRQ
x 'HOLEHUDWLRQ 'LDORJXH  $ WHDP HQJDJHV LQ GLDORJXH WR GHFLGH KRZ WR DFW LQ
FROODERUDWLRQ7KHSDUWLFLSDQWVDLPWRILQGDQDJUHHPHQWRQWKHFRXUVHRIDFWLRQV
WRDGRSWDFFRUGLQJWRWKHLUSUHIHUHQFHVH[SHUWLVHRUFRPPLWPHQWV
x 1HJRWLDWLRQ 'LDORJXH $ WHDPZLWK OLPLWHG UHVRXUFHV PD\ GLVDJUHH RQ KRZ WR
DOORFDWHWKHVHUHVRXUFHVWKHGLDORJXHDLPVWRUHVROYHWKHVHFRQIOLFWV
x ,QIRUPDWLRQ6HHNLQJ'LDORJXH3DUWLFLSDQWVPD\KDYHOLPLWHGNQRZOHGJHRIDWRSLF
DQGHQJDJHLQGLDORJXHWRLPSURYHWKHLUNQRZOHGJH
7KHVH GLDORJXH W\SHV UHSUHVHQW GLIIHUHQW GLDORJLFDO FRQWH[WV FKDUDFWHULVHG E\ DQ LQLWLDO
DULVLQJVLWXDWLRQDQGDVXEVHTXHQWJRDOWREHDFKLHYHGWKURXJKWKHGLVFXVVLRQ$SURWRFRO
PD\WKHQVSHFLI\KRZSDUWLFLSDQWVZRXOGLQWHUDFWLQWKHVSHFLILFGLDORJXHFRQWH[W,QWKLV
UHVHDUFKKRZHYHUZHVLPSO\IRFXVRQWKHLGHQWLILFDWLRQRIWKHGLDORJLFDOFRQWH[WDQGZH
GUDZSRWHQWLDOOLQNVZLWKWKHVFKHPHSUHVHQWHGLQ6HFWLRQ
 $QDO\VLV
,QWKLVVHFWLRQZHSURSRVH WKUHHH[DPSOHVZKHUHZHVXJJHVWDFRQQHFWLRQEHWZHHQWKH
GLDORJXHFRQWH[WDQGWKHDFWLRQV
FRGLQJVFKHPHSUHVHQWHGLQ6HFWLRQ7KHIRFXVRIWKH
DQDO\VLVLVRQWKHWZROHYHOVFRQFHUQLQJYHUEDODFWLRQVWKHSHUFHSWLRQDQGFRQFHSWOHYHO
DQGWKHFROODERUDWLRQOHYHO

)LJXUH)LUVWVHJPHQW
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,QWKHILUVWVHJPHQWGLIIHUHQWSURIHVVLRQDOVLQFOXGLQJDEXLOGLQJVXUYH\RU%6DTXDQWLW\
VXUYH\RU 46DQGDQDUFKLWHFW $DUHGLVFXVVLQJ VRPHVSHFLILFDVSHFWVRIDEXLOGLQJ
IRFXVLQJRQVWRUDJHVSDFH:HQRWLFHWKDWLQWKLVH[WUDFWSURIHVVLRQDOVDUHHQJDJHGLQWKH
FRQYHUVDWLRQWRILQGIXUWKHULQIRUPDWLRQIURPRWKHUSURIHVVLRQDOVDERXWWKHUHTXLUHPHQWV
RIWKHVWRUDJHVSDFH7KLVUHSUHVHQWVDQLQVWDQFHRILQIRUPDWLRQVHHNLQJGLDORJXHDULVLQJ
IURPDVLWXDWLRQLQZKLFKDSDUWLFLSDQWKDVVRPHNQRZOHGJHWKDWWKHRWKHUSDUWLFLSDQWV
ODFNEXWUHTXLUHLQRUGHUWRDFKLHYHDGHVLJQWKDWLVFRPSOLDQWZLWKWKHFOLHQWUHTXLUHPHQWV
7KHGLDORJXHLVGULYHQE\WKHTXHVWLRQVUDLVHGE\WKHEXLOGLQJVXUYH\RUZKLOHWKHRWKHU
SURIHVVLRQDOV FRPSOHPHQW HDFK RWKHU؃V NQRZOHGJH )XUWKHUPRUH ZH QRWLFH WKDW
SDUWLFLSDQWVHQULFKWKHNQRZOHGJHH[FKDQJHE\SURYLGLQJMXVWLILFDWLRQVIRUWKHLQIRUPDWLRQ
SURSRVHGHJFOLHQWYDOXHVPRGHOPDNLQJIRUPLQJDQDUJXPHQWDWLRQEDVHGLQIRUPDWLRQ
VHHNLQJ GLDORJXH7KH DQQRWDWLRQV IRU WKLV VHJPHQW DV VKRZQ LQ )LJXUH  LQGLFDWH DQ
HVWDEOLVKPHQWRIVKDUHGXQGHUVWDQGLQJDQGGHFLVLRQRQQHZIHDWXUHVDWWKHFROODERUDWLRQ
OHYHOZKLOHDW WKHFRQFHSWDQGSHUFHSWLRQ OHYHODSKDVHRISUREOHP ILQGLQJDQGV\VWHP
EUDLQVWRUPLQJLV LGHQWLILHG:HFDQFRQFOXGHWKDWWKHFRPELQDWLRQRIWKHVHDQQRWDWLRQV
PD\WKHQEHFRQVLGHUHGDVLQGLFDWRURIDQLQIRUPDWLRQVHHNLQJGLDORJXH

)LJXUH6HFRQGVHJPHQW
,Q)LJXUHZHUHSRUWDVHFRQGVHJPHQWZKHUHWKHGLVFXVVLRQEULQJVWKHSURIHVVLRQDOVWR
WKHDQDO\VLVRIFRVWVLQUHODWLRQWRFRQVWUXFWLRQLVVXHV,QWKLVVHJPHQWZHVHHWZRGLIIHUHQW
W\SHVRIGLDORJXHQHJRWLDWLRQDQGGHOLEHUDWLRQ7KHQHHGWRGHFLGHZKDWWRGRVXFKDVWKH
GLPHQVLRQVRIRIILFHVSDFHLVLQWHUOHDYHGZLWKWKHQHHGWRILQGDWUDGHRIIEHWZHHQFRVWV
QXPEHUVRIVWRUH\VDQGGHVLJQPDWHULDO7KHEXLOGLQJVXUYH\RUDQGDVHFRQGDUFKLWHFW$
LQLWLDWHDSKDVHRIGHOLEHUDWLRQE\FRQVLGHULQJWKHRSHQSUREOHPRIGHVLJQLQJRIILFHVSDFH
ZKHUHWKHSDUWLFLSDQWVVKDUHRSWLRQVGULYHQE\URRPUHTXLUHPHQWVDQGUHJXODWLRQV7KH
EXLOGLQJVXUYH\RUWKHQFUHDWHWKHQHFHVVDU\SUHPLVHVWRHQWHUWKHQHJRWLDWLRQSKDVHE\
KLJKOLJKWLQJ WKDW FRVWV VKRXOG QRW EH FRQVLGHUHG DV DQ LVVXH 7KH TXDQWLW\ VXUYH\RU
DGYRFDWLQJ IRU D WUDGHRII EHWZHHQ EXGJHW DQG GHVLJQ FKRLFHV DFWV DV WKH RSSRQHQW
SURSRVLQJUHDVRQVDVWRZK\WKHEXLOGLQJVKRXOGEHORZHULQKHLJKW,QWXUQWKHTXDQWLW\
DQGEXLOGLQJVXUYH\RUVSURSRVHVROXWLRQVWKDWEHVWVXLWWKHLULQGLYLGXDOGHVLJQLGHDVDQG
H[SHUWLVHOHDGLQJWRDFRPSURPLVHWKDWVDWLVILHVWKHUHVRXUFHFRQVWUDLQWV:HPD\DOVR
VHH WKDW WKH EXLOGLQJ VXUYH\RU HVWDEOLVKHV WKH SUHPLVHV IRU VWDUWLQJ D QHZ SKDVH RI
GHOLEHUDWLRQE\DVVHUWLQJWKDWWKHDFFHVVWRWKHVLWHLVGLIILFXOWKHQFHDIXUWKHUGHFLVLRQ
RQZKDWLVWREHGRQHDERXWWKHVORSHQHHGVWREHWDNHQLQODWHUVWDJHV
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7KHDFWLRQV؃FRGLQJLQGLFDWHVWKDWWKHUHLVDSKDVHRIVKDUHGXQGHUVWDQGLQJVLPLODUWR
WKDW LQ)LJXUH7KLV LV FOHDUO\DQ LGHQWLILHURI DUJXPHQWDWLRQ WKDWXQGHUSLQVDOO WKUHH
W\SHVRIGLDORJXHSUHVHQWHGLQWKLVUHVHDUFK1HJRWLDWLRQGLIIHUVIURPGHOLEHUDWLRQDQGFDQ
EHUHFRJQLVHGE\WKHLQLWLDOVLWXDWLRQWKHIRUPHUDULVHVIURPDQRSHQSUREOHPHJWKDWRI
VHWWLQJXSJRDOVZKLOHWKHODWWHUIRFXVHVRQDGHFLVLRQRQH[LVWLQJIHDWXUHVRQWKHEDVLVRI
VFDUFH UHVRXUFHV:H VXJJHVW WKDW WKH DFWLRQV؃ FRGLQJ VKRXOG EH XVHG WR GLIIHUHQWLDWH
EHWZHHQGLDORJXHDVIROORZV$WWKHFROODERUDWLRQOHYHOWKHDFWLRQV؃FRGLQJLQFOXGHVDSKDVH
RIQHJRWLDWLRQLQFRPELQDWLRQZLWKDGHFLVLRQRQH[LVWLQJIHDWXUHVDVDZRUNIORZGULYHU
$V VXJJHVWHG E\ WKH XVH RI WKH VLPLODU WHUPLQRORJ\ WKH FRPELQDWLRQ RI WKHVH DFWLRQV
LQGLFDWHDSKDVHRIQHJRWLDWLRQGLDORJXH7KHDFWLRQVDWWKHFRQFHSWDQGSHUFHSWLRQOHYHO
VXFK DV VHWWLQJ XS JRDOV DUH LQGLFDWRUV WKDW WKH SDUWLFLSDQWV DUH HQWHULQJ D SKDVH RI
GHOLEHUDWLRQGLDORJXH
 &21&/86,216
7KLVUHVHDUFKLVIRFXVLQJRQDQRYHOPHWKRGRORJLFDODSSURDFKWKDWWUDQVODWHVFROODERUDWLYH
FRQFHSWXDODQGSHUFHSWXDODFWLYLWLHVUHODWHGWRGHVLJQSURFHVVHVXQGHUWDNHQE\GHVLJQDQG
FRQVWUXFWLRQ SURIHVVLRQDOV WR FRUUHVSRQGHQW DUJXPHQWDWLYH GLDORJXH W\SHV VXFK DV
LQIRUPDWLRQ VHHNLQJ GHOLEHUDWLRQ DQG QHJRWLDWLRQ 7KLV LV DFKLHYHG E\ H[DPLQLQJ WZR
GLIIHUHQW VHJPHQWV WDNLQJ SODFH GXULQJ FRQFHSW GHVLJQ VWDJHV ZLWKLQ D %,0 FRQWH[W
DQDO\VLQJ WKHP DFFRUGLQJ WR GHVLJQ DFWLRQV
 FRGLQJ VFKHPH DQG WKHQ LGHQWLI\LQJ WKH
GLIIHUHQW GLDORJLFDO FRQWH[WV 7KH SURSRVHG DUJXPHQWDWLYH GLDORJXH SHUPLWV WKH
IRUPDOLVDWLRQ RI FROODERUDWLRQ DQDO\VLV IRU EXLOW HQYLURQPHQW DSSOLFDWLRQVZKLOH GHVLJQ
GHFLVLRQV FDQ EHPRQLWRUHG DQG WUDFHG$V D UHVXOW GHSHQGHQF\ UHODWLRQVKLSV EHWZHHQ
GLIIHUHQWSURIHVVLRQDOVLQYROYHGLQDEXLOWHQYLURQPHQWSURMHFWDQGGHFLVLRQVWDNHQFDQEH
WUDFHG
7KHLPSDFWRIWKLVUHVHDUFKLVIRFXVHGRQGHYHORSLQJDGHHSXQGHUVWDQGLQJRIKRZ
FROODERUDWLRQVZRUNZLWKLQDGLDORJLFDO FRQWH[W WRFOHDUO\ LGHQWLI\ WKH VWDJHVRIGHVLJQ
WKXV OHDGLQJ WRPRUH WDLORUHG LQWHUYHQWLRQV IRU RYHUFRPLQJ FRPPXQLFDWLRQ LVVXHV DQG
SRWHQWLDO GLVSXWHV 7KLV UHVHDUFK ZLOO IXUWKHU GHYHORS LQWR D FRPSXWDWLRQDO PRGHO
DSSOLFDEOHE\LQWHOOLJHQWVRIWZDUHDJHQWVWRVXSSRUWPXOWLGLVFLSOLQDU\GHVLJQWHDPVRIWKH
$(&LQGXVWU\LQDQDO\VLQJFRPSOH[FROODERUDWLYHGHFLVLRQVIRULQIRUPHGGHFLVLRQPDNLQJ
DQG WKHUHIRUH GLVSXWHV SUHYHQWLRQ )XUWKHUPRUH IXWXUH UHVHDUFKZLOO DQDO\VH HPHUJLQJ
FROODERUDWLYHSDWWHUQVDQGH[DPLQHOLQNLQJGLDORJXHVGHYHORSPHQWZLWKEXLOGLQJPRGHOV
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